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€^ < a-°l Sl7>3fe TflolH^ ^^^<g-6fl 7l^r# 7HH 3flS.S. ^7>51^ #3:1- 

o. t s.^ ^ ^«g-o.s. sl^^-i- ^3*Kr tM^^M 44*1, *fl— 

EL*)) o^Sl <^ V)5]m ¥^ ^ $12-4, 5L&#°] °J7>S1 

^-f^l H«4^47> H€4^44 zi^-y-iLS^-Ei 
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Input buffer} 

£2^ -g- w^^l ^aHI^ ^ M-Efifl^ ^ojcf. 

5L4^r 513*11 LfEfMl 5)5.^1 sflJELS. <*}7r3fe ^ tgsH 4^ 4 ^ 

< 6 > 7l#Sl I^^S. ^-^i ti.^5L^(deep-submicron) 7l## 

A ]-g-^}7fl ^ofl vc^2\ Q%Q<$o] 3.3V^H 3- SXSL^r, ole^ ^5.^11 ^l7> 

1- 5V7> £t}. 

<?> 4&H, wV£*fl ^1^1 "3 3 ^1 «. s «.Ei 3.&<&o] ^s\^ ^-°-^£ 
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7> #3L^ ^-EflU T^ofl ^i=H sflJEll- 

cl0> ZLHdcfl, ^2fl2] #^ 7>^1 ^3*]^ 3JflH7> 1-3. ^ ^ 

&<&<L3, #^*>7fl °H1 4^, ^5^1 ^— °A ^ ^ 

<=i^^ tf|3f|7V ^5l7fl ^1 Jf- Sfl^l ^3 tH^« ^ 

<ii> £1^- ^sflo) = <g ^cj^- ^aHI^ ^SHS-Ai, NMOSH^l^ 

B)(N1), PM0SH€^^(P1), ^ «WBUF1)3. tM33<H 
<i2> 10.2.3. sj)J=« M-^^rf. 

<13> i4b|-M1 ^<!>}^ ^31- 

<14> NM0SH3M^(N1)^ ^ ^r^M ^(10)3. 3*1 ^tf 

£| ^J17> <?l7>^^r 3-f4|Sr ^J=(n)3 ^L^M^I NM0SH€^1^(N1)^ ^$1^ 
(Vtn)^: ^ ^^(VDDHH NMOSH^^l ^ (Nl)^l ^(Vtp)^ fl # 

<a-(VDD-Vtn)^r #^4. ^r, NMOSH^l^&l (Nl)7|- Jl^^ #s^H 7l^* 
tH^KBUFl)^ i^(n)^ og^ Al^:(IN)# t^l^. °l^£r ^^-A]ofl 

PMOSB€*l^(Pl)Tr 2n=(n)Sl ^l^l 9X^r. 
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3xfl = (io)7> i-S-^ ^Bfl7> PM0SB«^(Pl)fe lt2.Cn)* #^3ltf(VDD) 

efltS. NMOSB^l^BKNl)^ ^^(VDDH-H NMOSH^l^(Nl)^ ^ 

#«g-(Vtn)* 1! ^^(VDD-Vtn)^: ^ = (10)S. ^, *fl2(10)^r ^^(VDD) 

(Vtn)-i- « ^(VDD-Vtn)^ #<a€4. , PMOSH^^l^ (Pl)^l *fl2 

(10)7} #3-^ ^-BflS. 3-1: y oM*>^l €4. 

3.51 cfl, oH 3flS.(10)7l- ^^(VDDH^i NMOSH^l^(Nl)^ ^^(Vtn) 
-I: ^ ^^-(VDD-Vtn)^-S. §^71 nfl-g^l 3*fl2= (10)41 sflu 
«fl ^ *^7> £5M sflH.ofl tH^* **>^ 

^3 ^* PM0SH«^(P1)« sfli=(lO)ofl 33 ^ 

*>7fl 3Xfl-(10)7> ^BflS. 3^ ^-f^l *fl2(10)» #<3*Kr 

7Ao] 7 >^>Cf. 22^, ol^o] ¥^>>H 3$ sflS.( 10 ) S JL^^l -R-<ySl^ ^¥°fl 

PM0SH€^1^(P1)^ TllolH^ 2efl°UH<>] ^ ^ ?H PM0SB€*1^ (PI) 

8 > -a 4 = 7} #5L^ ^-Bfls *fl2» ^^U" VMS- 

3 tH*i* ^H^HrHl satq-. 
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5i ^H#°g-°i si^fe TfloiH^ € # o a-°i ^v^m 71** 7\& #^ b« 

iB), ^^^^^1 <y7}5]^ 7flolH2f 3*1 7}*}JL %7\ aflJELS. <?] 

7>S) ^ Aljrl- ^S}^ HSfi^l^, ^-71 ^ H^l^S. °J7>E1^ *lJ>-& ^ 

3j§H og^ ^*Rr ^S), ^ ^>7l 5fl^S. -H^^l <?]7>5l^ #71 sflJELii. <?} 

7>£l^ ^ojvg- ^. 7l ^c^^<y- * € ^S^V^l, sfl^S. ^7l 

^<?M: 1^*Hr ^H^## ^Wl^Rr 3* ^8 
:20> ^-7] ^H^#£r ^7l = S JI^^l ^17>£1^ JL&Q ^#^1^1- I^S^cr 

^>7l ^# ^*Hr ^# SjS, ^ ^"71 jl^^- 

^#^1J17> A o V 7l sfl^S. ^J7]-S)^ tf7l ^ #5.^ € 

<2i> oi*>, %jls. *H £ ^3 ^ ^ 

(100), ^ Ifi ^ ^^213.(110), ^SJ" ^# 3^ 3^(120), PM0S 
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<23> H2«*IM, 20SLS- M-E}\H ^-^ 2flH.» H-^-W- 

<24> £2<H1 M-Bl-^ 7l^# ^4 

<25> ji^og- ^^5|s.(i00)^ € # 0 *KVFW)7> a}7l-£H ^(20)3. 

(VDD) 31^1^ ^l7>s)^ ^#^1^(VDET)« 33! ^1 

Jl(VREH -§-^*>^ -SL^-y- ^#^1Jl(VDET)# ^^tb^. 
<26> . y$°\&<& ^ € ^^S(llO)^- JL&<& ^#^lS(VDET)7l- ^3*3 

sfllE.(20)5L oi7>Sl^ € ^°0-(VFW) ^ ^H^ 6 J-(C0N)^S. tHS^, 

<g- 3#Aijr(VDET)7} el-^sl^ ^^tfCYDD)* #3-^ € ^^(VFW)^ IH^}^, 3 

<27> ji^og- sq^l 2)^(120)^ sfl-(20)S. °l7}s|fe ^«g-o] ^^(VDD) eflH°l 

^ °>^^ ^#2^ t^W. 

<28> PM0SB€^liB-l(P2)fe #3.^ € ^tfCVFW) £ *H ^(CONH ^S-(20)S. 

i=. ^oj-o]Tg iLHSli, #5L*S € #°J-(VFW)°1 ^^(VDDHjl *H#tf(C0N)°l 3*1 
£<£o]# 3flH.(20)flr ^^(VDD) efl^tS. #<SW. NMOSH^^l^ (N2)fe afl 

H(20)S <?17VS]^ ^tf-g- ^r, 2flH(20)S <?]7}S]^ ^«g-o] ^^(VDD) efl 

^4 ^L*§ 3fl^.(20)S *!7>sqfe £**ML. *flH.(20)5L <a7>£l^ 3^ 

^^(VDD) efl^ol^-olig sfl^(20)S ^7>^^ #*HH NMOSH^^l^ (N2)^ 
( Vtn )# ngfl «WBUF2)^- NMOSH^l^ (N2)» -f-*>^ Sl^^ ^ 
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£2^ ^B}Hfi ^o] ^ Mj-nfo) ^ ^#<?1 PMOSB^l^ (P2)# 

aflJ=(20W T^a, ^^(20)S ^€^^(VDD) eM<>l^ 3-&<&°] 91?}$ 

±r PM0SH€^1^BKP2)« £.3L*}7) JL#<& ^#£1S.(100), ^ € 

s.*% H ^333.(110), ^ 5l£<£ 3^ 3s(i20)«- 

a f ^ og^ PM0SH^^1^(P2)1- i^o^M 

sfl= (20)51 ^^(VDD) i^^-ol oj7>S|^ ^^Mlfe PMOSH^l^l^) 

# ^h*>JL, ^(20)3. 3*13^ eflfiM^ ^^<a-(VDD) efl^H^ 
^ ^-fofli- PM0SH€^1^(P2)« #^<£(VDD) ell^S. , 

= (20)7} ^-Bfloi ^ o.ofl sfljEL(20)« ^€^°*KVDD) eflte S^^^ iq^M 

i> £3 ^. i£^o} tjj^o) ^X|o^ ^#5]S.(100)^ PM0S 

H«^&I#(P3, P4, P5) ^ NMOS2=iS*1^1«:(N3, N4, N5)JL ^3^, ^ 
^ ^^ S (iio)^ PM0SB«^1:(P7, P8, P9), £ NM0SB«^« 
(N6, N7)5L ^^U, -H^^ 3^ ^S(120)fe PM0SB3fl*l^*(P9, P10), £ 

NM0SB^^l^Ei^(N8, N9)3. 5^. 

i2> £3ofl q-Bf^ 3iM T^d* 4MI*M1 -S^spS ^4. 

i3> aL^tf 3#33.(100)*r ^E-(A)^ tH(B)4°H ^^(VDDH ©l7> 

3- TflojH^ #5.^ € ^(VFWH ^7>£lfe 7l^ 7>^1 PM0SB^1^(P3), ^~ 
(B)^ i^=(CW°Hl ^5\JL ^^(VDDH <&7}£\$= ^MB^ 3*1 ^I^l °J7>51]^ 

y)^ NM0SH«^(N3), i^=(CHl E-aflSl*!- 3# 3^ ^ 
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(VRE)7> 9l7\S)±= TflolH^ ^^1^^ i^l 7>^1 NM0SH3N^(N4), 

(P4), PM0SH^^1^(P4)^ H.efl<?loll ii^ ^IE.(CH ^ 

PM0SB^*1^(P5), ^ PM0SB€*1^(P5)3 2=31<*H1 <3^£ t^(C)<Hl «3 

^ 711 ^l^l^Hl 7>^1 NM0SH3»*1^(N5)3. ^2^31, 

NM0SH^1^(N5)^ H.^*!* 3L^<y- ^#^]S(VDET)» ^Stt^. 

^IH^ ^ € ^S)S(llO)^ ^#^1^(VDET)7> <£7>5^ 

TflolH^q- 3*l3l«SHI ii2f 7>^1 NM0SH^1^(N7), ^^(VDDW 

o] 7 }^ TflolH^ NM0SH€^1^(N7)^1 <g^^ 3*1^ #41 <£4^I 7l 

^ 7>^1 NM0SH«^(N6), ^^(VDDH <>l7}5^ NMOSH^E^] — 

^1^(P7) ( ^^(VDDH 9l7\$\^ TflolH^ PM0SH^1^(P7)^ TflolH^ ifl^ 
( 20 )A}olo)i iiAELefltl^ ^ ^(VFWH °l7}5)^ 7}& 

* 7>^1 PM0SH«^bKP6), ^ PMOSH^l^W)^ = efloj/^ofl i^/H.efl 
014 ^^(VDDH <?l7|-s)^ TflolH^- tfflH.(2(M 9!^^ ^S.^ € 

#<y-(VFW)ol <&7}S\±= 7l^ 7>^1 PM0SH^^1^(P8)S ^H§SU, PM0SH€^1^(P6) 

*> 3-&<S ^# 33.(120)^7 ^^(VDDW <?]7>£l^ TlHB^ ^1^<*H1 

^ 71^-4 3fl = (20)ofl 3=2fl<?!/^^* 7}^1 NM0SH«^(N8), ^^(VDD) 

o] o] 7 >^^ iii^ 71^ 2fl = (20)^l 7flo]H» 7>^1 PM0SH€*1^(P9), PM0S 

B€*1^(P9)£] NM0SH^^l^(N8)2l £L31<y/4i^l 
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7)}°]^ #^<a-(VDD)°l 7lM 7>^1 PMOSH^l^BKPlO), ^ NM0SH€*1^ 

014 ^l^oH 71-^1 NM0SH^^liEKN9)* ^til^Ji, NMOSH^S 

^liEKN9)^l £31*1* 513H -a^(VRE)* 

£4^r £3*11 M-Ef^ sfl£3. ^ ^ ^-^ ^ ^ 

t^iflfe ^0.3., ( a )fc JflH.(20)^ ^ (b)*r ££(B)2l £tf ^^Hfr, 

(c)fe ££(C)£) ^ (d)xr ^# 51 ^ ^lS(VRE)^ (e)fe 

jl^oj- 3^ aIJl(VDET)^ (f)fe ^H^CCON)^ €3**, (g)fe ^2.*% 

4fi ^«a-(VFW)Sl (h)fe 4Ul(IN)3 ^4 M^tt 3H4- 

n^JL, GND-S. 3*1 31H-8: ^1^4. 

> 514-1- ol-g-^o^ 5=3^ M-El-^ 33-3 ^*}^ 

» ^^(VDDW <y7>5]Jl, £451 (a)ofl ^ £°1 ^^(20)5. ^l^tf 31 

^ S «-Ei ^^(VDDH PM0SH 521^1^ (P3)21 ^^^(Vtp)* ^^(VDD+Vtp)^. 
v\ ^ &°J6\ PM0SB€^1^(P3)7> £HSH £4^1 (b)4| £ 

0} ^(B)^ ^S. s|j1, NM0SB€*l^H(N8)fe sfls.(20)S 9l7}5)^ 

*14rW. °W, NM0SH^^1^(N8)» PM0SH«^(P10)SV 
NMOSB^l^W)^ #<?H1 44* PM0SB*a*l^«:(P9, P10H £r3 

j! NMDS2=M^bKN9)7> £B5H £4^1 (d)^l ^ £°1 ^^tKVDD) 3115] 

jl^oj- sl^l ^1J1(VRE)1- ^T^W. H5^M-, NM0SB^^1^(N8)# -§-*H 21^3 

^<3-oi PMOSB^l^CPlO)^ NM0SB3M^(N9)Sl ^^l^l PMOSB^ 

^ iBl s.( P9> pio)ol £HSl^l NM0SH?I^1^(N9)7> £421 (d)<Hl «>sq- 
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Q*}^ ^lt^l 3# 34! *}Jl(VRE)«- ^^(VDD) 

JL^^- 3# 33! ^^(VRE)7> NM0SH^^1^(N4)7V £r£)<H £4^ (cHl M-^ 

u£ £o] ^JEL(C)-& ^xj^oj- ^i^o. uY^. ZL^]JL, PM0SB31*1^1:(P4, P5)°l 

-£s\o) (e)°\] i4b|-v£ w}<2}- Qo] ^^(VDD) efl^ ^#^1 JUVDED-I- 

^W-. ^^(VDD) eflt^ ^#^1S(VDET)7> NMOSB^^l^^ (N7) 

7 y £4^ ( f )ofl ^ol ^^1^^ ^M^CCON)-!: t^SM. 

Z151JL, PM0SH^^1^BKP7)7> £rSU PM0SH^^1^1;(P6, P8)°l J^-H^M £4^ (g) 
ofl q-Ef^ «><4 ^-o] ^^(VDD) € ^^(VFW)^: f^t4. PM0SH31 

^iEi(P2)^r ^ = (20)1- NM0SH^^liBKN2)^ 

3flc(20)^ tt]5i1(BUF2)^ NM0SB^^li^(N2)l- -f-*H ^Jl 

o] ^oj-o] a]3l(BUF2)^ ^<?H1 £4^1 (h)°fl M-bJ-nB £o] 

(VDD) efl^^l 41Jl(IN)» ^tt^. 
c40> ^, ^^(VDDH ^l?^^, 2fl;E.(20)5. ^^(VDD+Vtp) efl^cf ^ 

«?l7l-£l^, ^^^^(VDD) efl^^l 3#^)Jl(VDET), -H^ 3# 33! ^lJl(VRE), 

a-| PM0SH^^li^(P2)7> *|J=(20)* ^tS. #^^r^-. 

ohi ^ = (20)^1 ai^M n^-A ^^7> ^0.5. <y*iH 

<4i> zl^JL, ^^(VDDH ^7^51, £451 (a)<Hl £°1 2^(20)5. # 

SHVDD+Vtp) efl^M'SM ^° t J-°l ^71-sl^, PM0SH€*1^(P3)7} ^r^H £4^ (b)<>ll *4 
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Bfu£ ta><4 £o] t £(B)S sfl = (20)^ ^<y-ol NM0SH^fl^l^^(N3)^ ^(B) 

^ 3**H £4^1 ( c )^l M-H}^ y>2f go] icS.(C)« ^^(VDD-Vtn)^-S #€-4 

. NM0SB«^£KN8)^ *«S-(20)^ NMOSH^^l^ (N9)tt NMOSHSfi^l 

^ (N8)lr ^Slfe Aisiofl -§-#*H 5:40] (^ofl q-E}^ w}^- £°1 ^ 

^l^i<y- JL&<& ^# ^Jl(VRE)!: t1t4. NM0SB$*liE.i(N4)^r 

iL=s)jl, NM0SB^l^(N5)^r ^J=(C)3 #°*H1 -g-^H -Sr^M £4^ (eH 
ti >2f ^ol 3*1 #<g- efl^Sl 5i£<$ ^IJKVDET)!- ^3*!:^-. MOSS.^^ (^Sj- 
PMOSB^l^l (P7)^r SL*S\51, PM0SH^^1^#(P6, P8)£r S4^ (f) ^ (g) 
ofl q-B^^ w>sq- ^1 3i)]^.(20)S. «?17>51^ efl^sl *1<3-(C0N) ^ 
H ^(VFW)^: ^r^W. PM0SB€^1^E.KP2)^ ^HS)^, NM0SB^*1^ (N2) 
^ sfl^(20)^l ^I^^Vji, w]3l(BUF2)^ NM0SH€^1^^(N2)5. ^3^r 
-g-^H £421 (hHl M-m^ v}2± go] ^^(VDD) 31 €^ ^3 4!Jl(IN)-I- 
A. 

<42> €f, ^^(VDDH 9}7}S\JL, 5fl = (20)S. ^(VDD+Vtp) ^ 

9l7}s\^, ^^l^-y- efl^^l JL&Q ^#^15l(VDET) ^ 3# 33! ^1^(VRE)» 

^*>ul, ^^(20)S 9l7\S\±r &<&3\- ^<Stb £°}>g. fS^ € ^(VFW) ^ *fl 

ol^<y-(C0N)^: t^JW. ^^M, PM0SH«^|i^(P2)7> PMOS 

H^^liBi(P2)7> sfl = (20)S. JL^^ol ^7>5l^ T^ofl t 5^. 

<43> #7HHfe- £ ^"^a) U]-^-^^V ^Al^S. %^}o^ ^-SISXX}*},.-^^ 7}^ 

°\ ^T-Rr *>7lSl ^$\°\] 7 ]7fl^ u] ^^0. S «Ei 
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<44> t^el-Ai, t^^fe 3fl^.7> ^-BflS- 51 ^^Ml 5fl^» 

<y- 0-^2. #<Sf-°.S*| sfljE.^ ^ ^5^1- ^-tb ^» y J 

<45> Ef, <^ ^3]ir 3)1 -ELS ZL^^ol ^^l ^°1 .2-5. 
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I^^J" 1] 

^^^^ 3fl^}°H ^H^^°l ^l7>5]^ TflolH^" n 

^^^ < y-°l ^71-51^ TflolB^ ^^1^1 71^ 7Mi ^-71 sfllEL^ <?] 

7}^ ^IJll- #^*Kr ^ 

2] 
3] 
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#7] JL&<& ^MH7} #7"1 Sfl£l $l7>3fe ^71 2|H ^ 

aflo^^iLS, ^^tf* #3.^ € 3^3. lH]*Rr ^H^tf ^ «^ ^ # 

4] 

o]7^1^ 71^ 7>^1 ^lNMOSH^*!^; 

^ ^l^SH iiSj- 71^-i; 7>^1 ^12NM0SH€*1^; 

^^^^1 4^ ^ 7^4 ^"71 ^l^^-°fl tIMH* 7>^1 *ll2PM0S 

^7] ^2PM0SH^*l^Bio) ^]}o]6\] ^7] ^12^=^1 TflolH 

£^ 71^ 7H1 Xl3PM0SB?fl*l^; 
^-7] *H2JtJ=4| TflolH^- A o v 7l *H3PM0SH€*1^^ H.efl«?H <^^^ H.efl 

o]3f ^xl^^^l cg^sj ^ 7]^:^ 7>*1 ^13NM0SH^*1^^1* ^^l^ZL, 

^71 Xl3PMOSH5ffl*li^sl =eflol^ ^7} 5L#<& 3#*!JM- ^* 

tH^. 
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5] 

7>^1 ^l4NM0SH31*l^; 

^^ol <£7\S\±r ii ^ 71^:4 ^"71 Sfl^ofl 7lMB» 7^ *fl4PM0SH 

#7l ^HPMOSH^liB^ = ^^^ 0 J-°1 °J^^r 71^ 

#71 ^13^=^ TflojHl- 7}^1 ^15PM0SH€^1^; ^ 

^-71 *ll5PM0SB$*li£N H-eflo]^ ^-71 *H3^£Lofl TflolH^ ^ 

^ 7"|3S-g- 7>^1 *ll5NM0SB 31*1^1- ^tils>jL, 

[^T 1 * 6] 

^113%H1 ^7l t\]o]&<& ^ € 

<y 7 ]-5^ ^efl^/i^ ^ 71^-i: 7>^1 ^l6PM0SB€^liBi; 

<£^& J=efl*l/i^4 ^7l € 91?}^= 71^-i: 7}^1 *fl7PM0SB3l*l^; 

^ ^<y-ol o]7>£l^ 7l^-g- 7>^1 ^18PM0SH^^1^^; 
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S)^ TllolH^ ^l^tHl 7^ ^ ^» 7>*l *fl7NM0SB€*l^» ^-wl^l-ZL, 

4>7l *H4EE» ^"71 ^H^SM" ^S*>JL, ^-71 ^16PM0SH^1^^ 

7] 

^^^l ^7>£l^r 7,1 olH^ 7>^lJL #7l sfl^S. ^1 

^SLS, <33 

^17%H1 ^7l *1H^^ 

A> 7 1 3flc S J7^oj-ol 0]7>£)^ t^Kn., ^7l sfl^S. 

TflolH^ 7l^o.S. ^7^>J1, <$7] JL^ %^*[JL7} S^i^ ^ # 
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h€*1^£) TfloiHsf 7}%°l3, 4°]^ ^ ^ 

9] 
10] 

€ ^7}^^ 7l^ 7>^1 *fllPM0SB3l*l^; 

o]7>S|^ 71^-i: 7>^1 *iiinmosh€*1^; 

^. 7l ^12^=011 jel ell ^ ^-71 jL^<y- 3# e^i ^15l7> °l7}£)*r TflolH 

^ ^l^SHI 7l^r# 7>^1 *fl2NM0SB€*l^£l ; 

^^^l ^ 71^:4 ^-71 ^ll^^^l 711 °1 ^» 7>^1 *fl2PM0S 

B^l^ ; 

^"71 *ll2PM0SH€*l^^ = ell°H #7l ^122^= oil 7fl°lJ= 

54 ^^xjojoil cg^^ 71^ 7H] ^13PM0SH^^1^^; 
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%7] ^13PM0SB^^1^^ JELefl*]^: ^71 jn^tf iH^Kr 7 AS? 

^ SL3. *Vfe S3 3 
111 

^■7] ^3^^1 TflolHl- 7>^1 ^15PM0SH^^1^; ^ 

^-71 ^5PM0SH^^l^ofl £Lefl<?}4 #7l ^13^^1 tIMB^ 3*1 

^ 53-^ ^^-S. *>^r <33 ^A. 
\^=?<% 12] 

o} 7 "|-s)fe ceflo]/^^ ^ 7l^ 7>*i *fl6PM0SB€*l^; 
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^^ISM o]7>S|^ TflolH^I- #7l ^4inJE.ofl c^S} JEiefl^ ^l*}^ 

7l^ 7>^1 *)l6NM0SH^*l^Ei ; ^ 

Til o)^9\- <£^& 7]& ^ ihil- 7>^1 ^7NM0SH^H^li^l- ^wl^, 

<?l/^# ^V°i #7l H ^M3*Kr <a^ «^ . 
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[S. 4] 



(a) 




(b) 



(c) 



(d) 



(e) 



(f) 



VDD+Vtp 
GND 

VDD-Vtp 
GND 

VDD+Vtp 

GND 
VDD 

GND 

VDD+Vtp 
• GND 



(g) 



(h) 



VDD 

GND 
VDD 

GND 
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